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PROBLEM TO BE SOLVED: To accurately and optimally 
set an optimum amount of delay by equipping a rough 
delay means for roughly adjusting the delay of a specific 
reproduction signal and an accurate delay means for 
finely adjusting the delay of the specific reproduction 
signal with accuracy that is equal to or less than the 
minimum delay resolution of the rough delay means. 
SOLUTION: A variable delay element 12b that is an 
accurate delay means in a digital control system for 
rough adjustment delays a signal S2 that is generated by 
a laser beam L2 by t2 as a signal S2a. An A/D converter 
1 4b converts a signal S2a to a digital signal and 
transmits it to registers 25a-25d in a shift register 25 
that is a rough delay means in an analog control system 
for fine successive adjustment in synchronization with a 
clock CLK. The registers 25a~25d output a digital delay 
signal that is obtained by delaying the signal S2a by a 
delay nT at a clock cycle of T. By selecting an optimum 
signal from the digital delay signals by a tap switching 
means 27, a required amount of delay t2+nT can be accurately obtained. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A record signal is read by irradiating two or more beams on two or more trucks which 
were formed in the optical disk medium and which adjoin mutually. In the optical disk signal 
regeneration equipment which generates two or more regenerative signals corresponding to each 
truck, cancels the cross talk contained in the above-mentioned reading signal by these two or 
more regenerative signals, and generates an information regenerative signal a coarse-delay 
means to carry out coarse-control delay of the predetermined regenerative signal, and the 
above-mentioned predetermined regenerative signal — the minimal delay of said coarse-delay 
means — the optical disk signal regeneration equipment characterized by having the energy 
delay means which carries out fine-tuning delay in a precision more detailed than resolving 
power. 

[Claim 2] Optical disk signal regeneration equipment according to claim 1 characterized by 
having a means to control the amount of delay of said energy delay means and a coarse-delay 
means so that the jitter of said information regenerative signal is detected and this jitter 
becomes min. 

[Claim 3] Said coarse-delay means is optical disk srgnal regeneration equipment according to 
claim 1 characterized by what was constituted by the sample hold elements which operate 
according to a synchronous clock, and by which series connection was carried out. 
[Claim 4] Optical disk signal regeneration equipment according to claim 3 characterized by 
having a means to set up gradually the amount of delay of said coarse-delay means by choosing 
the output of the sample hold component of the arbitration of the above-mentioned sample hold 
elements. 

[Claim 5] Said coarse-delay means is optical disk signal regeneration equipment according to 
claim 3 characterized by being constituted with the shift register constituted by the above- 
mentioned sample hold elements. 

[Claim 6] Said energy delay means is optical disk signal regeneration equipment according to 
claim 1 characterized by being constituted with the filter made to generate the group delay of 
arbitration. 

[Claim 7] Said energy delay means is optical disk signal regeneration equipment according to 
claim 3 characterized by being constituted by means to perform interpolation processing using 
the multipliers a and b of or more 0 less than one arbitration however 0<=a<1, and 0<=b<1 by the 
discrete signal train in which sample hold was carried out by said sample hold elements. 
[Claim 8] It is optical disk signal regeneration equipment according to claim 3 which the amount 
of delay can carry out adjustable [ of said energy delay means ] continuously, and said coarse- 
delay means can set up the amount of delay by integral multiple unit of said clock period, and is 
characterized by the amount of the maximum delay of the above-mentioned energy delay means 
being less than the amount of delay of the above-mentioned clock period. 

[Claim 9] A record signal is read by irradiating two or more beams on two or more trucks which 
were formed in the optical disk medium and which adjoin mutually. In the optical disk signal 
regeneration equipment which generates two or more regenerative signals corresponding to each 
truck, cancels the cross talk which reads from these two or more regenerative signals, and is 
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contained in a signal, and generates an information regenerative signal Optical disk signal 
regeneration equipment characterized by having a delay means to delay a predetermined 
regenerative signal, a means to detect the jitter of said information regenerative signal, and a 
means to control the amount of delay of said delay means so that this jitter becomes min. 
[Claim 10] a coarse-delay means to carry out coarse-control delay of the regenerative signal 
predetermined [ above-mentioned ] in the above-mentioned delay means, and the above- 
mentioned predetermined regenerative signal — the minimal delay of said coarse-delay means - 
- resolution — the optical disk signal regeneration equipment according to claim 9 characterized 
by having the energy delay means which carries out fine-tuning delay in the following precision. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention irradiates two or more laser beams at the optical disk 
medium by which high density record was carried out, and it relates to the optical disk signal 
regeneration equipment which reproduces information, removing an adjoining truck cross talk 
from each light-receiving signal. 
[0002] 

[Description of the Prior Art] In recent years, in connection with the densification of an optical 
disk medium, the technique also with more advanced optical disk signal regeneration equipment 
is demanded. 

[0003] An example of the above-mentioned conventional optical disk signal regeneration 
equipment is explained referring to a drawing below. Drawin g 7 shows the block diagram of 
conventional optical disk signal regeneration equipment. In drawin g 7 , laser beams LI, L2, and L3 
are irradiated by the trucks T1 and T2 and T3 which were formed in the optical disk medium 100, 
respectively, it is projected on the reflected light by photo detectors 111, 121, and 131, 
respectively, and it is outputted to them as electrical signals S1, S2, and S3, respectively. In 
case a laser beam L2 (main beam) scans a truck T2, laser beams L1 and L3 (subbeam) are for 
canceling the cross talk component which leaks from the adjoining truck T1 and T3, noting that 
the truck which is actually going to acquire the information regenerative signal is T2. That is, in 
case the information regenerative signal SX is acquired, it is SX by coefficient multipliers 113 
and 133 and the addition-and-subtraction amplifier 130. = S2-kx (S1+S3) 
It ****** and a cross talk component is canceled electrically. 

[0004] However, from the following reasons, since three laser beams irradiated by the optical 
disk medium must keep their distance from a truck tangential direction to some extent, they 
cannot cancel a cross talk only by the above simple addition and subtraction. That is, ideally, 
although laser beams L1, L2, and L3 adjoin in the direction of a truck perpendicular (radial) and it 
should irradiate, because a track pitch is narrow when it does in this way, each laser beam 
comes to overlap mutually. The beam on which it is inevitably projected by the photo detector 
will also be overlapped mutually, and it becomes impossible to receive each beam by photo 
detectors 111, 112, and 113 independently. Therefore, it is necessary to keep one's distance and 
to arrange each beam to some extent, to a tangential direction. However, in the output signal of 
photo detectors 111, 121, and 131, the time difference according to the clearance of the above- 
mentioned tangential direction occurs at this time. Then, the 1st and 2nd variable delay elements 
112 and 122 have amended the time difference produced here. 

[0005] However, with the rotation linear velocity of an optical disk medium, since the above- 
mentioned time difference is changed, it must always set the amount of delay which carries out 
the above-mentioned variable delay elements 112 and 122, and is generated as the optimal 
condition, noting that it is difficult to manage strictly a mutual distance of laser beams L1, L2, 
and L3 and can do even if. A multiplier 141 detects correlation with the output signal of a photo 
detector 131, and the output signal of the 2nd variable delay element 122, a multiplier 142 
detects correlation with the output signal of the 2nd variable delay element 1 22, and the output 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



2005/07/05 



JP,2000-1 73061 ,A [DETAILED DESCRIPTION] 



2/8 ^— v 



signal of the 1st variable delay element 112, respectively, and the maximization control means 
136 is performing each delay adjustment of the above-mentioned delay elements 1 12 and 122 so 
that these may become its ****** max (for example, JP,7-1 76052,A). 
[0006] 

[Problem(s) to be Solved by the Invention] However, with the above configurations, difficultly 
[ realizing the delay elements 112 and 122 which fulfill both the amount of delay, and delay 
precision ], with multipliers 141 and 142, since the detection sensitivity of a correlation signal is 
low, the technical problem that an optimum value is not doubled and loaded with the amount of 
delay occurs. 

[0007] These technical problems are explained below. First, in consideration of the configuration 
of photo detectors 111, 121, and 131, and arrangement, about 10 micrometers of distance of the 
distance of the laser beam L1 on an optical disk medium and the truck tangential direction 
between L2 or a laser beam L2, and the truck tangential direction between L3 are required. On 
the other hand, the record linear density of the information currently recorded on the optical 
disk medium is about 0.1 micrometers per one-channel bit, when DVD (digital video disc) by 
which PWM record was carried out for example, using the 8-16 conversion code is taken for an 
example. Therefore, even if it calls it 10-micrometer spacing, it will be equivalent to the 
difference for 1 00 bits. 

[0008] Although the configuration which carries out series connection of two or more analog 
delay elements to the shape of a ladder first as a concrete means to make it delayed can be 
considered, the analog delay element itself has group delay frequency characteristics, the 
amount of delay from which a group delay does not become a problem in our trial calculation is 
at most about 10 bits, and it is almost impossible to realize 100-bit delay. 
[0009] As an approach of obtaining the amount of delay, if a switched capacitor filter and the 
filter of a sample hold mold like a digital filter can be considered and these are used, it is 
possible to maintain a group delay irrespective of the amount of delay. However, since delay 
precision is determined by the sampling clock, if it is going to raise precision, a sampling clock 
frequency must be raised with the filter of a sample hold mold, and a sample hold element 
number and a working speed must be raised with it according to it. When a channel clock is used 
for a sampling clock, since one clock is equivalent to 1-bit delay, if it is going to delay it 100 bits, 
100 sample hold components are needed and, moreover, in DVD standard speed playback, each 
sample hold component must operate by 27MHz. 

[0010] However, when a channel clock is used, the amount of delay cannot carry out deer 
adjustable in a 1-bit unit, but a problem produces it in respect of delay precision. If it is going to 
perform cross talk cancellation ideally according to our experiment, a double lump of delay of 
1/4-bit precision is required at least. If sample hold tends to realize this, a sampling frequency 
will be 4 times (108MHz) the channel clock, and, moreover, a required sample hold component is 
also needed 4 times (400 elements). 

[0011] This invention aims at offering the optical disk signal-regeneration equipment which can 
set up the optimal amount of delay with a sufficient precision by using together the coarse-delay 
means of the digital control method which consisted of shift registers etc. in required delay 
adjustment, and the energy delay means of the analog-control method which consisted of group- 
delay filters etc., realizing in view of the above-mentioned trouble, and performing inquiry of the 
amount of optimal delay using a jitter appearance means further. 
[0012] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the optical disk 
regenerative apparatus of this invention A record signal is read by irradiating two or more beams 
on two or more trucks which were formed in the optical disk medium and which adjoin mutually. 
In the optical disk signal regeneration equipment which generates two or more regenerative 
signals corresponding to each truck, cancels the cross talk contained in the above-mentioned 
reading signal by these two or more regenerative signals, and generates an information 
regenerative signal a coarse-delay means to carry out coarse-control delay of the 
predetermined regenerative signal, and the above-mentioned predetermined regenerative signal - 
- the minimal delay of said coarse-delay means — resolution — it is characterized by having the 
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energy delay means which carries out fine-tuning delay in the following precision. 
[0013] The above-mentioned optical disk regenerative apparatus detects the jitter of said 
information regenerative signal, and is characterized by having a means to control the amount of 
delay of said energy delay means and a coarse-delay means so that this jitter becomes min. 
[0014] Said coarse-delay means is characterized by what was constituted by the sample hold 
elements which operate according to a synchronous clock, and by which series connection was 
carried out. The above-mentioned optical disk regenerative apparatus is characterized by having 
a means to set up gradually the amount of delay of said coarse-delay means by choosing the 
output of the sample hold component of the arbitration of the above-mentioned sample hold 
elements. 

[0015] It is characterized by constituting said coarse-delay means with the shift register 
constituted by the above-mentioned sample hold elements, and is characterized by constituting 
said energy delay means with the filter made to generate the group delay of arbitration. 
[0016] The amount of delay can carry out adjustable [ of said energy delay means ] continuously, 
said coarse-delay means can set up the amount of delay by integral multiple unit of said clock 
period, and it is characterized by the amount of the maximum delay of the above-mentioned 
energy delay means being less than the amount of delay of the above-mentioned clock period. 
[0017] Moreover, the optical disk regenerative apparatus of this invention reads a record signal 
by irradiating two or more beams on two or more trucks which were formed in the optical disk 
medium and which adjoin mutually. In the optical disk signal regeneration equipment which 
generates two or more regenerative signals corresponding to each truck, cancels the cross talk 
which reads from these two or more regenerative signals, and is contained in a signal, and 
generates an information regenerative signal A delay means to delay a predetermined 
regenerative signal, It is characterized by having a means to detect the jitter of said information 
regenerative signal, and a means to control the amount of delay of said delay means so that this 
jitter becomes min. 

[0018] The time difference according to the distance of the truck tangential direction of a main 
beam and a subbeam can be amended with a sufficient precision by having established a coarse- 
delay means to perform a delay means by clock synchronization, and an energy delay means to 
generate delay of less than one clock continuously, by the above-mentioned configuration. By 
furthermore performing inquiry of the amount of optimal delay using a jitter, it becomes possible 
to set up the optimal amount of delay with a sufficient precision. 
[0019] 

[Embodiment of the Invention] The optical disk regenerative apparatus of the gestalt of 
operation of the 1st of this invention is explained below, referring to a drawing. By using together 
a coarse-delay means and an energy delay means, by reconciling the amount of delay, and delay 
precision, and investigating the amount of optimal delay so that a jitter may serve as min further, 
it is highly precise and considers as the configuration which can set up the amount of optimal 
delay with the 1st operation gestalt. here — an energy delay means — a predetermined 
regenerative signal — the minimal delay of a coarse-delay means — it shall be constituted so 
that fine-tuning delay may be carried out in a precision more detailed than resolution 
[0020] Drawin g 1 shows the block diagram of the optical disk regenerative apparatus in the 
gestalt of operation of the 1 st of this invention. In drawing 1 R> 1 , 11a, 11b, and 1 1 c are the 1 st, 
2nd, and 3rd photo detector, respectively, change into an electrical signal the reflected light of 
the laser beams L1, L2, and L3 irradiated by three trucks T1 and T2 which were formed in the 
optical disk medium 1, and which adjoin mutually, and T3, and output it as regenerative signals 
S1, S2, and S3, respectively. Here, it irradiates on the truck which a laser beam L2 is the so- 
called main beam, and is going to carry out information playback, and laser beams L1 and L3 shall 
be subbeams, and shall be used for cross talk removal of a main beam. Although especially the 
concrete generation method of laser beams L1, L2, and L3 is not illustrated, you may generate 
from three sources of laser-beam luminescence, and one laser beam may be made to diffract in 
the three directions using a diffraction grating, and may be obtained, for example. 
[0021] 12a and 12b are the 1st and 2nd delay elements for fine tuning, moreover make 
arbitration generate continuously the delay below an one-channel clock period (1 bit), 
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respectively, and constitute the energy delay means of the analog-control method for fine tuning 
of this example. 13a and 13c are the 1st and 2nd coefficient multipliers which have a gain- 
adjustment function, and multiply by the weighting multiplier k for acquiring the optimal cross talk 
cancellation effectiveness. 

[0022] 14a, 14b t and 14c are the 1st, 2nd, and 3rd A-D converter, respectively, and change 
regenerative-signal S1a, S2a, and S3a into a digital signal. 15 is the 1st shift register and 
consists of registers 15a-15h which operate synchronizing with Clock CLK. Similarly, 25 is the 
2nd shift register and consists of registers 25a-25d. Since the output of A-D converter14a or 
14b is naturally a juxtaposition (for example, 8 bits) output here, each register must be a parallel 
form, respectively, but since it is brief, it is illustrating with the configuration of a single bit. 26 
and 27 are the 1st and 2nd tap change means, choose the register output of the arbitration of 
the 1st and 2nd shift registers 15 and 25 of Si, respectively, and adjust the amount of delay by 
bitwise. A-D converters 14a, 14b, and 14c, shift registers 15 and 25, and the tap change means 
26 and 27 constitute the coarse-delay means of the digital control method for coarse controls in 
the gestalt of this operation above. Thus, a coarse-delay means is constituted by the sample 
hold elements which operate according to a synchronous clock (CLK) and by which series 
connection was carried out. 

[0023] 30 is an addition-and-subtraction means for it to be constituted by the operational 
amplifier etc. and to perform cross talk addition and subtraction, and 31 is a DA converter, it 
carries out the DA translation of the output signal of the above-mentioned addition-and- 
subtraction means 30, and generates the information regenerative signal SX. 32 is a comparator, 
carries out binarization of the information regenerative signal SX, and generates information 
playback pulse signal PX. 33 is a PLL (phase lock loop) circuit, carries out the generation extract 
of the clock CLK by the input of playback pulse signal PX, and is sent to the latter part (for 
example, digital video decoder) by the latch circuit 34 with Clock CLK as a playback information 
signal (DATA). 35 is a jitter detector, measures the jitter of information playback pulse signal PX 
and Clock CLK. and outputs the signal according to the amount of jitters (about a jitter, it 
mentions later). The minimization control device 36 carries out an inquiry setup of the optimal 
register output chosen as digital control adjustment by the tap change means 26 and 27 while 
carrying out analog-control adjustment of the amounts tau! and tau2 of continuation adjustable 
delay of the delay elements 12a and 12b for fine tuning so that this amount of jitters may 
become min. 

[0024] About the optical disk regenerative apparatus constituted as mentioned above, the 
actuation is explained using drawin g 1 , drawin g 2 , and drawin g 3 below. 

[0025] Drawin g 2 is a timing chart illustrating an assignment of the amount adjustment function 
of delay of 2nd delay element 12b for fine tuning corresponding to a main beam L2, and the 2nd 
shift register 25 for coarse controls, first, the signal S2 generated by the laser beam L2 — the 
2nd delay element 12 — btau2 Delay is given and it is set to signal S2a. Signal S2a is sampled by 
2nd A-D converter 14b synchronizing with Clock CLK, and is changed into a digital signal. This 
digital signal is transmitted to the registers 25a-25d in a shift register 25 one by one 
synchronizing with Clock CLK. Therefore, the digital delay signal which delayed signal S2a in the 
unit of the clock period (T) is acquired by the each registers [ 25a-25d ] output. Among these, 
as for S2b, then signal S2b, the integral multiple (the example of drawin g 2 4 T), i.e., nT, of a 
clock period (T) will be delayed to signal S2a in the signal which chose any or the optimal 
register with the tap change means 27. Therefore, the amount of delay from the original signal S2 
is tau2+nT. n: It becomes an integer. 

[0026] Therefore, the amount of delay needed can be obtained with high precision by using 
together delay element 12b for fine tuning which can carry out adjustable [ of the amount of 
delay ] continuously, and the shift register for coarse controls which can set up the amount of 
delay by integral multiple unit of a clock period. At this time, if the amount of the maximum delay 
of delay element 12b is the above-mentioned clock period (T), i.e., a channel clock, the amount 
of delay of 1 bit is sufficient for it. Therefore, it is formula:G=(1-j omega/omega 2)/ 
(1+jomega/omega 2) which did the division of the Laplace transform of an output signal by the 
Laplace transform of the input signal corresponding to this as a concrete configuration of delay 
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element 12b. 

It comes out and an analog group-delay filter with the transfer function with which it is 
expressed etc. is considered to be suitable. It is omega2 and tau2 here. Relation is omega 2. = 
What is necessary is just to consider as the 2 pi/tau 2 grade. 

[0027] What is necessary is just to have the function that 1st delay means 12a and the 1st shift 
register 15 corresponding to the 1st sublaser beam L1 are also equivalent to the 2nd delay 
element 12b and the 2nd shift register 25. however, the number of the configuration register (15a 
thru/or 15h) in the 1st shift register 15 since the distance from the 2nd sublaser beam L3 of the 
1st sublaser beam L1 is the double need mostly compared with the Maine laser beam L2 — 
about 2 times of the register of the 2nd shift register 25 — being needed . 
[0028] The subtraction input of the output signal of the 1st tap switcher 26 through the 3rd 
output and 1st shift register 15 of A-D converter 14c is carried out at an operational amplifier 
30, on the other hand, the addition input of the output signal of the 2nd tap switcher 27 through 
the 2nd shift register 25 is carried out at an operational amplifier 30, the following cross talk 
addition and subtraction are performed, and the information regenerative signal SX is acquired. 
Namely, SX(t) =S2(t- (tau2+nT))-kx {S1(t- (tau1+mT))+S3(t)} 

m, n: Integer t: The operation which becomes time is performed. Although mT and nT are the 
amounts of delay determined with the 1st and 2nd shift register 15 and 25 here, respectively, 
these values are set up by switching the tap change means 26 and 27 based on the decision of 
the minimization control means 36. Hereafter, the decision approach of the minimization control 
means 36 is explained. 

[0029] First, it is inputted into the jitter appearance means 35, the channel clock CLK, i.e., the 
clock, generated by the information playback pulse signals PX and PLL obtained with the 
comparator 32, and a jitter is detected. A jitter is a decorrelational error between data and a 
clock, and is a parameter which is fluctuated according to extent, such as a noise, and an 
intersymbol interference or a cross talk between trucks, and which shows the playback condition 
of a signal. This is large, and if a data window margin is exceeded, it will become an error, and the 
cross talk between trucks etc. is controlled by minimizing this jitter conversely. What is 
necessary is just to calculate the root mean square value of the phase error between data 
clocks, or the average of an absolute value as the concrete detection approach of a jitter, for 
example. 

[0030] As shown in drawin g 3 , if possible, this jitter changes the tap change means 26 and 27 to 
min (digital coarse control), and, as for the minimization control means 36, adjusts the amounts 
taul and tau2 of delay of delay elements 12a and 12b further, respectively (analog fine tuning). 
That is, if the time difference produced with spacing of the truck tangential direction of laser 
beams L1 and L3 or laser beams L2 and L3 can amend completely, the maximum removal of the 
cross talk between trucks can be carried out, and, as a result, a jitter will serve as min. Then, in 
drawing 3 , if the amount of delay is set up in 1 period DO in order to make this jitter into min, 
this amount of delay will serve as the optimal set point. A tap is investigated so that the register 
with which a jitter serves as the minimum first with a sequential switch in the output tap of the 
1st and 2nd shift registers 15 and 25 may specifically be chosen (coarse control), and they are 
the amounts taul and tau2 of continuation adjustable delay of delay elements 12a and 12b 
further. What is necessary is just to investigate the amount DO of delay which carries out fine 
control and serves as jitter min. 

[0031] Here, although it is displayed as if the 2nd tap change means 27 chose only the Registers 
[ 25c and 25d ] output in drawin g 1 , all the register outputs equivalent to required adjustable 
width efface shall be switched from the meaning of this invention. Moreover, if between both is 
100 bits like point **, naturally about 100 registers are needed, since the number of bits 
equivalent to spacing with laser beams L2 and L3 is required for the number of the above- 
mentioned registers, although it is displayed that the 2nd shift register 25 is constituted from 
drawin g 1 by four registers, for example. Also in the 1st shift register 15 and the 1st tap change 
means 26, it is the same. 

[0032] In the gestalt of this operation, it is because high detection sensitivity and dependability 
are acquired when reproducing the signal modulated with the RLL (Run Length Limitted) sign 
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especially to have used the jitter as an index for investigating the optimum value of the amount 
of delay. Like 8-16 modulation in EFM (8 -14 modulation) or DVD in CD, a RLL sign will be what 
restricted the shortest mark length and the longest mark length, in order to raise recording 
density, and in the case of these both, the shortest mark length will be 3 times the channel clock 
period here. While recording density is raised since information is intensively stored in the edge 
of each sign when a RLL sign is used, an edge shift occurs easily with a noise or a cross talk, 
and the error by this tends to generate recording information. If an edge shift occurs, since a 
regenerative-signal jitter will naturally also increase, in other words, extent of a cross talk can be 
known with sufficient sensibility by observing a jitter. 

[0033] Although there is a method of calculating a correlation signal as other methods of 
detecting extent of a cross talk in addition to the approach by jitter observation, this approach is 
in the inclination for detection sensitivity to fall on the contrary, when a RLL sign is used. That 
is, detection sensitivity falls, corresponding to the shortest mark length in the case where a 
correlation signal reproduces a sign with the long shortest mark length in order that not only an 
edge but the part of the peak and bottom which cannot be easily influenced of a cross talk may 
perform multiply operation by lump. 

[0034] On the other hand, this invention person etc. adopts how jitter observation detects 
extent of a cross talk by using jitter appearance paying attention to the error of the amount 
doubling lump of delay being detectable with high degree of accuracy. By the way, the delay 
allowable error (the so-called margin) which a jitter increases from the amount of delay used as 
jitter min by 0.5% by the clock window ratio is about 1 of clock period/4. That is, in order to 
perform ideal cross talk cancellation, a double lump of delay of 1/4-bit precision is required. 
Hereafter, this is explained briefly. 

[0035] Drawing 4 illustrates the error of the amount of delay, and the relation of the 
regenerative-signal jitter by this. The axis of abscissa in drawing expresses the amount error of 
delay, and when this performs cross talk cancellation by 0, i.e., the condition of being without 
error, a regenerative-signal jitter becomes about 5%. When the delay error equivalent to 1 bit 
(one period) occurs, a jitter gets worse about 2.5% and becomes about 7.5%. Usually, since the 
increment of about 0.1% of jitter is detectable, the above-mentioned doubling lump error is 
understood that it can detect enough in the 1/4-bit precision of a clock period. However, it 
means this not only means that the detection sensitivity of the amount of optimal delay becomes 
high when a jitter is only used, but that must actually double the amount of delay in this 
precision. It is because a jitter is a parameter related to a playback error rate directly. 
[0036] Although about 5% of regenerative-signal jitter is an amount which is completely 
satisfactory when reproducing information, when the delay error equivalent to 1 bit occurs, a 
jitter becomes about 7.5% as mentioned above. About 7.5% of this jitter does not usually become 
a problem, when reproducing information, but when the jitter by the disk, the dirt of a head, etc. 
or the jitter by the noise is added, an error may occur to playback information. Therefore, if it is 
going to restrict degradation of a jitter to the level which is satisfactory practically, the delay 
error of 1 bit is inadequate, and a double lump of about 1/2 bit is required of it at least. Although 
a jitter gets worse about 1 a little less than% and it becomes about 6% from drawing 4 when the 
delay error equivalent to 1/2 bit occurs, it is thought that this value is satisfactory practically. 
Therefore, if a double lump of about 1/4 bit can be performed ideally, the increment in a jitter 
will become within the limits which can completely be disregarded. 

[0037] As mentioned above, the shift register for coarse controls which carries out adjustable 
[ of the amount of delay ] by the digital control method in the unit of a clock period according to 
the gestalt of this operation, By using together the delay element for analog fine tuning to which 
adjustable [ of the amount of delay ] is continuously carried out within 1 clock period The 
amount of delay of about 100 bits generated according to the distance between the laser beams 
of a truck tangential direction can be amended with a sufficient precision, and it becomes 
possible by using a regenerative-signal jitter appearance means (35) as an evaluation value 
further to investigate the amount of optimal amendments to high sensitivity. 
[0038] In addition, in the gestalt of this operation, although delay elements 12a and 12b amend 1 
clock period, that it does not mean that the maximum good variate is strictly limited to less than 
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one clock period, for example, fluctuation of the rotation linear velocity of an optical disk should 
be absorbed, there is still more this about the maximum good variate, for example, it may give 
four periods etc. 

[0039] Moreover, in the gestalt of this operation, the coarse-delay means was constituted so 
that the AD translation of the regenerative signals S1, S2, and S3 might be carried out, 
respectively and delay might be generated with a shift register, but as long as it carries out two 
or more series connections of the sample hold component which can carry out the sequential 
sampling of the regenerative signal synchronizing with a clock, you may be an analogue device 
like a switched capacitor filter, for example. 

[0040] Moreover, although the weighting multiplier k is immobilization in coefficient multipliers 13 
and 33 in the gestalt of this operation, automatic inquiry of the optimum value may be carried 
out so that a jitter may serve as min, for example. 

[0041] Furthermore, in the gestalt of this operation, although a DA translation (31) is carried out 
and it was made to supply a PLL circuit after carrying out digital processing of the cross talk 
addition-and-subtraction processing, it is good also as a configuration which extracts a clock 
using direct digital one PLL, without carrying out a DA translation. 

[0042] Next, the gestalt of operation of the 2nd of this invention is explained. Drawin g 5 shows 
the block block diagram of the gestalt of the 2nd operation, and is taken as the configuration ** 
can also perform energy delay adjustment without using a delay element In drawin g 5 Photo 
detectors 11a, 11b, and 11c, coefficient multipliers 13a and 13c, A-D converters 14a, 14b, and 
14c, the 1st shift register 15 (registers 15a-15h), The 2nd shift register 25 (registers 25a-25d), 
the tap change means 26 and 27, the addition-and-subtraction means 30, DA converter 31 , a 
comparator 32, the PLL circuit 33, and the jitter appearance means 35 have a function 
equivalent to what was shown by drawin g 1 . 

[0043] A different place from drawin g 1 in the configuration of drawin g 5 is to generate delay in 
approximation with the interpolation means which consists of the 1st and 2nd latch register 41 
and 42 and 1st, and 2nd interpolation operation means 43 and 44, without using a delay element 
for performing delay fine tuning below one-channel clock period T. It explains referring to drawin g 
5 about this function. The sampling data (Vn) by which were first sampled by 2nd A-D converter 
14b, and delay amendment was carried out by the channel clock unit with the 2nd shift register 
25 are supplied to the delay means which consists of a latch register 41 and the 1st interpolation 
operation means 43. Here, the data directly supplied to the interpolation operation means 43 to 
the timing of nT are set to Vn. Since the latch register 41 holds the sampling data between the 
one-channel (clocks T), the data supplied to the interpolation operation means 43 are set to 
data Vn-1 in before an one-channel clock (i.e., (n-1), the timing of T) from the latch register 41. 
Here, the amount of delay set up by the minimization control means 46 Supposing it is aT 
(0<=a<1). the above-mentioned interpolation operation means 43 — V - axVn-1+x(1-a) Vn 
linear interpolation value V 7 — calculating — this interpolation value V — data Vn It outputs 
instead and is inputted into the addition-and-subtraction means 30. 

[0044] As the above-mentioned operation is performed in all data sequences, consequently is 
shown in d rawin g 6 , the data by which only aT was delayed in approximation are obtained. 
Processing with the same said of the system which consists of 1st A-D converter 14, a shift 
register 15, a latch register 42, and a interpolation operation means 44 is performed, and delay 
processing of bT (0<=b<1) is performed in approximation. About optimization of the amounts a 
and b of delay, if it investigates so that a jitter may become min as the gestalt of the 1st 
operation explained, it can optimize in a high precision. With the gestalt of the above-mentioned 
implementation, the energy delay means is constituted from a discrete signal train in which 
sample hold was carried out by the sample hold elements by means (41, 42, 43, 44) to perform 
interpolation processing using the multiplier (a, b) of arbitration. 

[0045] As mentioned above, according to the gestalt of this operation, energy delay adjustment 
can be performed in approximation by performing delay processing using interpolation processing 
of sampling data. Delay elements 12 and 22 become unnecessary by this, and low costHzation 
can be realized more. 

[0046] In addition, in the gestalt of this operation, although [ the interpolation operation means 
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43 and 44 ] linear interpolation data processing is performed, approximation precision is raised 
more for the direction which used high order curvilinear interpolation. That is, in linear 
interpolation, the technical problem that the error of a part (the maximum and near the minimum 
point) with the large curvature of a signal becomes large occurs as shown also in drawmgj) . it 
high order curvilinear interpolation of secondary curvilinear interpolation etc. is used, a 
curvilinear part can also be approximated well and an error will become small. 

[Effect of the Invention] This invention can amend the time difference according to the distance 
of the truck tangential direction of a main beam and a subbeam with a sufficient precision as 
mentioned above by having established a coarse-delay means to perform a delay means by clock 
synchronization, and an energy delay means to generate delay of less than one clock 
continuously. By furthermore performing inquiry of the amount of optimal delay using a jitter, it 
becomes possible to set up the optimal amount of delay with a sufficient precision. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] t 
[ Drawin g 1] The block diagram of the optical disk signal regeneration equipment in the gestalt of 
operation of the 1 st of this invention 

[ Drawin g 2] The timing chart for the explanation of operation in the gestalt of this operation 
[ Drawin g 3] The property Fig. for the explanation of operation in the gestalt of this operation 
[ Drawin g 4] The graphical representation showing the relation between the amount error of delay 
in the gestalt of this operation, and a regenerative-signal jitter 

[ Drawin g 5] The block diagram of the optical disk signal regeneration equipment in the gestalt of 
operation of the 2nd of this invention 

[ Drawin g 6] The timing chart for the explanation of operation in the gestalt of this operation 
[ Drawin g 7] The block diagram of the conventional optical disk regenerative apparatus 
[Description of Notations] 
1 1 a, 1 1 b, 1 1 c Photo detector 
12a, 12b Variable delay element 
13a, 13c Coefficient multiplier 
14a, 14b, 14c A-D converter 
15 25 Shift register 

30 Addition-and-Subtraction Means 

31 DA Converter 

35 Jitter Detector 

36 46 Minimization control unit 
41 42 Latch register 

43 44 Interpolation operation means 



[Translation done.] 
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[0026] UcA ! ->T. ^WtaSia^^T't 

fawsffloass^ i2bt?n7 ?mmcom&mm&- 
hzttfx-^h. z(7)t£mwm=Fi 2b<7)SckmmM 

l±±Ml?v~y?mm (T) . W*>. f**/l^n7^T 

*ntr 1 t*y MasoasHrtjEo &. Ltztfix . a 

G= ( 1 - j co/o)2) / ( 1+ j co/o>2) 
0)2 = 2n/v2 

[0 0 27] £Sl ^T'U— if-f-AL 1 KMJE-rS 
micogg^gl 2atgl«0i/7M/y'X^l 5t. 
^2C0M@S^ 1 2 bfcilXm2c0>'7 hb- ^'X^ 2 5 

TV— »f-b'-AL lfct*4 yi/- f-b'-A L2t.lt 
(fc^x? ( 1 5a=5r^Li 5h) aywmt^i/yv 

\si;x?2 5<7)\s ; jx?(7)2fenm!&mk%:z>. 

[0 0 28] SS3OADS9ft»14c<0aj^JtJJ:VaSl 

7«Otil7J«-tti«»fii|@S3 0fcJllS[A7J$iX. TEtf) 

SX (t) = S2 (t - (r2+nT) ) - kX (SI 
(t- (rl+mT) ) +S3 (t ) ) } 
m. n : 89K t : 



1 , ^2c7)>-7 hUiSX? 1 5. 2 5Tl^^$ixSaa 
m-3^Z?-yTtm^&2 6, 2 7 ZW*)Mz.ZZklZ 

[0029] *-f , 3 Vi*\s-9 3 2 •CW&flfcflHffB 
^NVUXfi^-P Xt P LLCJ: 

?07^t^D 7 ?CLK*>V7? 3 5 

tf^-t**). mzZOiS-yfZ Mc/Nkt 5 £ (C J: 
0 h^ y^ra^DXh-^^WJ^ix-?., y^<0l 

[0030] ft/Wt^l«I¥S3 6 (i. 0 3 tC^-T J: d 

. Z<r>is~,9 jWft/hfcar 4 ^ < ^ -y 7°«#^g 2 6 . 
2 7£«#x (fy^/HlS) . ?^CIIffl2 
a, 12b*>gffi*rl. v2Z*tl?1\Wm^ h (T+ 
n^fidlfflE) . l/-f-f-ALUL3j, 
6U±U— 1f-b*-A L2fcL3C0h7-y 9ffl8jifa<?) 
^IzX^X&t&mmm^Z&lzffilETZtlli. hy 
•y7m7VXh-7ZWckmm£-t&ZktfX'Z. %<r> 
&&i?v?\t%ubttch* ZZX\ H3tc*ivvt. Z<7) 

mm. minxr/m2<7)=yyhwjx9i5. 
mmm) . s^i:»g«fi2a. i2bc^ji^pi^ 

SSfi^l, ^2 ^^j|iLT> ; -y^ft/hfc=5r-&a®»D0 

[003 1 ] ilt:J3^tS2«^77DSf 
S2 7{il^^X^2 5 ct3j;y2 5dC0ttl7JC0^.^S^ 

*5Kr^RBfifcffl S-T S ±X <T>U iSx 9 ffi7J £«J 0 »i 

s^cot-ri.. ttzmixim2co^yhu'jxi'2 5 
{±isisx?4mx^f&zti&£dizm^ztix^ztf. 

±M\/iSX ?CT>miV-- f-b'-AL 2 i; L 3 tcora^ 

■3 (CW«BI3&* lOOb'vh T*iitf » 31^100 fflms 
^yx^^t^. SglcOv-^M^^x^ 1 5t 
SI 1 CO ? y TWm^m. 2 6K*50t<> 4 . 
[0032] 4^at<0JB«fc:*JV^T. a®*c0ftiiffi5: 

LL (Run Length Limitted) ft^X'^MZtltzii^t: 
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ftSEFM (8- 142SB) fe-?>^(±DVDtCjottl>8 

- 1 6$m<ox o iz. iE«Wfe**»*fe»t=«fl^- 

9ux Y -9 <7Mgl : £&&.& <%a&Ztii i X'£&. 

[0033] is-, fmmizx h-nmw^z9x3xv-9 
^■<ix -y i^Yittf & < ? ox b - 9 co&^z&mz < v ^ 

h'-;y\ ^hAO^ta^T'^^^Srfi 1 ^^^. 

?mzm txm&mmtimT-t & . 

[0 0 34] ZtllZttLX. : Jv9Wi& 

-?<?>mfe£&ft^&jTmz&mi-Ki><7>x'h$><. 

hX\ if ■•/ 9WL'b t >y 9tfi9 u y ? -7 

•?-if» \i^xi-y9wm<nm\/Ax^h. hp^>. a 

»J$3: 9 ax 1- - ? * ^ y -t /U2t?t o ?ztb izli 1 / 4 b' 
•y hftJK^SJS^^-iira^-^^-CS)!.. JUT. <I*x 

{z^xmmzmftth. 

[0035] mummm.nm&h z\tnz& &n£fii-5§- 
st£**u ztitfo-tzfr-h, mMtf±<te^vimx' 

9\t<5%WS.lzti:h. lt'7b ( IfflM) izm^-t&M 

mmmm%.Ltzm&. : J-/9im2. 5%mtvi. 
5%m.mzts:h. mn. o. \%^M^jy9<nmwjt 
im^mx-h h ?>x\ ±m^h-±^tmn 9u-;9 
mm<v i/4t' 7 h mmx'^mtmm.x'$> &zt w*> 

*>5„ L*>U i<?)vlfc(i#^i/-y^?rffl^^-&t« 
®M@»c?)^aiiSJg^*i« < =5: h Z t £ MM LX v *ftt 

4 L ^~u~hizmmmi&-th'*7*~9tzfr< : >x'h 

[0036] s%ms.am^/&^'y 9nmm£n±-t 
h±.x-k<wm<n%^ mx-fohtf. i t'-y Miffls-ts 

MgM#%4lL -LSfttf) J; d tC^ y 7 . 5 



b'O^i^: fc'fcJ: £ v y 9hh\Ai.J^X\,z^h ifv 9 

mmztifzw&. m£.mmizx.7-tfmL-t&zttf 
hh« £^>x~j>y 9cr>gitzmm±fflmco%^^Mz 
mmtx o t-trai. 1 t'-y hw^com&m^xu^ 

KX'h K> , 'J?%< Hl/2t'7 hgS^^B.^* 5 

i/2b--yh^ffl^-ri.asM^*^t 

tzi%>^. H41 0 y 9 lift 1 %33JSfl: L- 6 %S^^^r 

x . wmui i /4 tr-y hnm^h-t&^x'^ix 

{f. ^-y^c7)«Ja{i^:<*imT'^^^HF*li:^^. 
[0037] KltcoX o 2^11560^^^:^^ a 
•y i^^J^T'ii®» ^ T if 9 )Vmfflfii&X° *T£th S 
IS^ffl i/y WlfX9t. I 9^-/9 m mfoX'WMAtf 

mfcmz^zK&Ti-vffflmmmwmmTt zwm 
•thZklzX^X. h^-y^ti^^^-^'-t'-^ 
m(o^mzmtx^.-t^ 100 t'-y huk<ojI@*£ 

fi-^^'y^^tll^S (3 5) SrfflV^^fctcioT^lS 

[0038]^. *m&<oBmiz&\,^x . mmm? 1 

2 a, 1 2h{il 9^ -y 9 mminiE-tht LttK Z 

tnt^ck^i^m.miz \9o-y 9mmamzm%.zix 

&Z\k*mMLX^&<DXmi:<. tztttf. *f-fX 
9 CD®$m&S£e)3m * ©ttZ^ < . St^jms- ^ ^ 
fc^<, CTi.{f4jgW^Sr^-frTfe^Tt^S^ : S: 

[0039] zrz. ^mmoBmizts^x , 

t±H*ft^Sl. S2, S3&fWflAD^tTy 

£.m^Z9a ■y9izmmLxmfc*r>'y°v v9x-% h+r 
vt)v*-)\s m=? £ m^mnmrn vtz h^x-htm, 
mmxj y+y*^j*zs9-7 1 )V9<r>£otcT-7-u? 

[0040] ±tz. *mM<DBmizm^x{&m?& 1 3 . 

3 3ict5v^r . m&ttimfHkizfflmx'h& t L?t*»\ 

[004 1 ] S^C. ^HMOJBStCfcV^. 

-^Jn^^SI^-r^'^^SLJtfi. DA^(3 

1) tTPLLUjm^^-r^io^L^*^ DA» 
*tf\,zm% : rif9>\/P L L Srffl^T ^07^ 2rftHJ"^"l> 

[ 0 0 4 2 ] ^»S2(7)M«t'?Ut 
tftBH-T-i.. 05{i:^2<7)^^®cO7'o-yi7«g£0$r 

LX^h. m^izH^X. 1 1 a, lib. 1 

lc. f^g|13a. 13c. AD^»14a, 14 
b. 14c. ^,\(T>iyyYVifX9 1 5 (1^\X?1 5 
a~l 5h) , S2«y7M/yX^2 5 (1/^X^2 



K3 0. 3y^l/-^3 2. PLL0 

S&3 3. ^' y^ai¥g3 5(illlT^SiX7tt<7)i:l^ 

[0043] 05<9ffij££i3Vvt01 klt&.&k.r^ 

^*^tKHH-t^o ^-r^2c7)AD^^i4b-e^>r 

V yy^tim2cr>->y Wis?.? 2 SYf-v*;^ O -y 

^w^aiHijES^ufe^^T-u^T-^ (v n ) ti 
7 yf-i^'*? 4 1 tj xvm i coara«»:¥a4 3 t-« 

yn-«BII^S4 3^Il:««3&$ix6x-?2:V n 

(T) ratyruy/f-^^fituv^*^. ^-y 
^i^i-'x^4 1 *^«HjS^S4 3^«IS£*T..g>T- 
?(41 ^^^a-y^ly-r^t)^ ( n - 1 ) Tf?)?^ 

»#S4 6^cfc-5Ta^$tL|)MS** i: aT(0Sa 

< i ) X'h&t-th t . ±ie«fS?n»L#g4 3«4 

V = aXV rl + ( 1-a) XV, 

[0044] ttmmz-t'^xn'r-f&mz&^xm 

T7tltS3£ USx-Wi^ix-?. . SI 1 coAD^mm 1 
4. y7M/y^l5, 5 y-^vU^ 2 . «ra?li 

%^4 4xffitfLZtih3h\,zi^x i>mm<7)>nmt>m^ 

tl. b T (0Sb<l) ^aWIfr'ilfi^ft 

mxm.wLtz<7)t mm. tttm^ztch x a iztm 

^>fiHR (a. b) £fflv*fcttl8IWl£S&l¥-*-*#» (4 
1. 4 2, 4 3, 44) iZ£*)ffif&ZtlX^&. 

[0045] jsll, *$mv>&mizJ:titf. v>yv y 

j; o . mmmmm*mimz9m-t h z t a*-c-£ s . £ 
tiizx*)^ mmm^i 2, 2 2*q^t^o. io,n 
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-37 vitzmtth itm & . 

[ 0 0 4 6 ] ^HSfcTm^Jc&^T . *H3SM# 
S4 3 . 4 4UiR^I3ai*«a&%fr*-* k Lfc^. 

oiO. ttJgiiBBrpfcL mbi.zh^tix^hiii^z, 

m*&>&mtf±z^&-fr ■ «/j^ftifi) oiftjsa* 
< t v feiwawi^^* . 2 n«?> 
Tttmmatm\>^ttmmftt>Bk<i&.i»xi*. urn 

[0047] 

[^Bjoa*] Ja±»idt*5MH{i. aS3M££?a 
v?IWt'^-r&ffia5KM£k 1 7n>y7WWMW 

^ yb'-Ak-^-yb'-Aoh^ >v7mm}Tfo<?)Emiz 
j&tt:Bmm*:mm&<ffiE-thzbwx'%z. z^iz 

[ai ] *f6BH<ofBi <r>mwmmz$iWh% ; T<*9 
[02] ismtsc7»gHsttj(i--s»»fmHB^»w^'f 5 

[03] H^^»BBfc:*J»t*8B#K«!8<Ofc«><0«pttia 
[04] Riete<^)Sfct>{tSSffifiiSllkS^ffi^^ 
-y fcDmi&Z*-??? 70 

[05] 2 <7>mfo<mmiizti whit?**? 

ft-tH^ilS07*o -y ? 0 

[06] mmmc^i&t&vzMimwcoteibnf'i s 

J^*-r— b 

[07 ] ratwEK-r * xtnzsmwu . y ?m 

1 1 a , lib, 11c 
12a, 12b "BT^affi*-? 
13 a, 13c 

14a, 14b, 14c AD^i&£§ 
15,25 yyVVi/X? 

30 tmn^ 

3 1 DA« 
3 5 SSvfWSi 

3 6. 4 6 ft/JvftfH9»IX 

4 1,42 7-y^-l^^'X^ 
4 3, 4 4 
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[04] [H6] 
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